The relationship of parameters of body measures and body weight by using digital image analysis in pre-slaughter cattle
Introduction
Body weights (BW) represent one of the most important economic traits in beef cattle. BW is also good indicator of animal condition (POLGAR et al., 1997 ; VAN MARLEKÖSTER et al., 2000) . Methods to estimate weight can be important where weighing facilities are unavailable (ULUTAS et al,. 2002) . The use of body weight criteria in ration formulation, drug estimation, body condition score, the decision of the date of the first insemination of heifers and marketing requires sophisticated facilities which are expensive and hardly affordable to many small scale farmers (BOZKURT, 2006; WILLEKE and DÜRSCH, 2002) . Several technologies have evaluated to determine the accuracy and precision for predicting body composition. In this purpose, the ultrasound technology began for determine body composition in 1950s (RÖSLER, ZALESKY and BEAL, 2005) . McDONALD and CHEN (1990) used digital image analysis technology regarding meat quality investigation in beef cattle that described differences in reflection between meat and fat in Musculus longissimus dorsi (MLD) . GERRARD et al., (1996) studied description of colour and degree of marbling on beef. LI et al., (1997) showed that brittleness of meat could be determined by vision texture analysis. Similarly, investigations have shown this method can be used to analyze meat, determine marbling score and evaluate MLD area (NEWMAN, 1984; KUCHIDA et al., 1991; SHACKELFORD et al., 1998; SHIRANITA et al., 2000; KARNUAH et al., 2001; CANNELL et al., 2002; TEIRA et al., 2003) . BOZKURT et al., (2006) used digital image analysis technology regarding prediction of body weight from body measurements in beef cattle. Therefore, the objective of this study was to examine prediction of body weight from body measurements and body area (BA) of pre slaughtering beef cattle using digital image analysis. Body measurements obtained by digital image analysis system included body area as a different parameter for prediction of body weight as well as body length, wither height, hip width, hip height and chest depth.
Materials and methods

Animal
The animals used in this study included 140 cattle, 56 Holstein, 30 Brown Swiss and 54 crossbred steers. Animals were selected from commercial slaughterhouses in Isparta and nearby provinces. Animals were weighed using a mobile scale before slaughter (Marmara0580 MEB). All procedures were applied by the Institutional Animal care and use committee.
Body Measurements
Body measurements were taken while animals were standing in a squeeze chute after weighing. Body traits were measured by measuring stick except chest girth, which was measured by measure tape. Wither Height (WH) -was distance from the ground beneath the animal to the top of the withers directly above the centre of shoulder, Body Length (BL) -was the distance from point of shoulders to the ischium; in other words, from sternum (manubrium) to the aitchbone (tiber ischiadicum), Hip Width (HW) -was the widest point at the centre of stifle, Hip Height (HH) -was distance from the ground beneath the animal to the top of the hips directly above the centre of hip, Chest Depth (CD) -from sternum area immediately caudal to the forelimbs to top of the thoracic vertebra, Chest Girth (CG) -was measured as the minimal circumference around the body immediately behind the front shoulder, Body Area (BA) -was measure the area covered by animal in digital photo. The video recording took place outside the slaughterhouse immediately after weighing while animals were standing in a squeeze chute. The video camera (Canon MV850i) was situated of the level of the animals. At the beginning of the analysis of digital images, calibration was conducted using reference card (1x15 cm). Digital images were downloaded from the camera to a computer file and processed using Image Pro Plus5 software to obtained body measurements from the image in cm.
Statistical Procedure
The best prediction equations for body weight from other body traits, including WH, BL, HW, HH, CD and BA, were determined. Descriptive statistics and regression analysis of body weight (BW) on each of the independent variables were performed using regression analysis procedure of MINITAB, 13 Inc. (Version 13, State Collage, PA, USA 2001). Regressions of body weight on WH, BL, HW, CD and CG utilizing individual observations were performed. The body measurements obtained by digital image analysis included BA as a different parameter for prediction of BW instead of CG. Correlation coefficients were also obtained among parameters. Polynomial regression analysis of body weight on WH, BL, HW, HH, CD and BA were performed. Linear, quadratic and cubic effects of independent variables on BW were included in the following model: Results and discussions Descriptive statistics of body weight and body traits are shown in Table 1 Regressions of each breed's body weight on various body measurements using digital image analysis are shown Table 2 , 3 and 4. Results of each breed's body weight on linear, quadratic and cubic effects of each body measurement are presented in Table 5 . Correlation coefficients of traits are shown in Table 6 . Although all R 2 values were found low, the R 2 values from regressions indicated that body area was the lowest related to body weight for Holstein using digital image analysis (Table 2) Table 3 , 4. The results showed that a 1 cm 2 change in BA resulted in approximately 0.041 and 0.0328 kg change in weigh for Brown Swiss and crossbred cattle, respectively. It was evident that a 1 cm 2 change in BA resulted in lesser weight change compared to the rest of body traits (Table 3 and  4) . Similarly, a 1 cm change BL, WH, HH, HW and CD resulted in 11.6, 14.8, 15.3, 22.4 and 17.6 kg change in weight for Brown Swiss and 8.80, 8.97, 9 .05, 12.7 and 11.6 kg change for crossbred, respectively. Higher order polynomial equations were examined (Table 5 ). The R 2 values from regressions indicate that BL was highly related to body weight considering all linear, quadratic and cubic coefficient terms for all breeds. The cubic term was non significant (P>0.05) for all traits except WH in Brown Swiss (Table 5) . HEINRICHS et al., (1992) reported that the cubic term was significant for WH, HW and BL. For all body traits, addition of cubic term increased the R 2 slightly for all breeds (Table 5 ). All linear terms for all body traits of all breeds were significant (P< 0.05).
All correlation values between body weight and body measurements for Holstein, Brown Swiss and crossbred animals were found to be statistically significant (P< 0.05). Among all body measurements, high correlation was found between body weight and body length for all breed except Holstein (Table 6 ). The correlation was found 0.54, 0.89 and 0.87 between body weight and body length in Holstein, Brown Swiss and Crossbred, respectively and this result was in line with findings of BOZKURT (2006) who reported that r= 0.84 in Brown Swiss. TOZSER et al. (2000) ; CAGLAR and SEKERDEN (1993) and SEKERDEN et al., (1991) represented that correlation coefficient between BW and BL was 0.63, 0.74 and 0.98 respectively. The correlation between BW and BA was found 0.43, 0.66 and 0.72 for Holstein, Brown Swiss and Crossbred, respectively. It was expected that body area would give higher correlation coefficient value than the other body measurements since the R .5 # Only none significant regression coefficients had superscripts (ns), the rest were significant at p< 0.05. 
